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%&iﬁﬁ’fﬁlﬂﬂfﬁﬁwIOJOEJHQIEJHHL ﬁ%?’ifﬂﬁi (45.25:|:O,34)g360%, Bﬁ*ﬂﬁ:}'ﬁi6éﬂ, gﬂ4/l\i
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1.1 LR HEMRERE

VL R PO BB 7 i, O e BLCEFRE 300 Lyttt Smilet o FREE, XTI
AT, (EIEAE AL BRI B . e, A AL Co 30%HDKT FRkAL HC: 43%BUKF; rbih
WEE DL Sk 0 M BF 9% 2 MR R e e +4 AN [RBE BE A R B i K72 43 %MK 1
I X i A AR R R R (R DG e 10.7125 mg/kg (HCBI). 1.425 mg/kg (HCB2).
KRR, LATE R R BB v RS 2.85 mg/kg (HCB3)MI 7.5 mg/kg (HCB4). fIrfHH]
WAL o BT Es SR R AR B & RS RHEURE BRI SR AN RN AR 1 Bk Herh, DRk
RMZ% AL VRS o 42 MR 2 & A ok P Sk 7 5 e
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Tab.1 Formulation and proximate composition of different experimental diets
%

215 group

WiH item
C HC HCBI HCB2 HCB3 HCB4
Ji{4r formulation
a4 fish meal 8.00 8.00 8.00 8.00 8.00 8.00
M1 soybean meal 26.00 26.00 26.00 26.00 26.00 26.00
32K rapeseed meal 17.00 17.00 17.00 17.00 17.00 17.00
3K cottonseed meal 17.00 17.00 17.00 17.00 17.00 17.00
i3l fish oil 2.00 2.00 2.00 2.00 2.00 2.00
T soybean oil 2.00 2.00 2.00 2.00 2.00 2.00
EKIEH corn starch 12.00 25.00 25.00 25.00 25.00 25.00
KM benfotiamine 0 0 0.7125 1.425 2.85 5.7
R4 microcrystalline cellulose 13.00 0.00 0.00 0.00 0.00 0.00
M2 %45 calcium biphosphate 1.80 1.80 1.80 1.80 1.80 1.80
IREl * premix ® 1.20 1.20 1.20 1.20 1.20 1.20
HFH Ay proximate composition (dry matter basis)

JK53 moisture 6.96 6.85 6.92 6.95 6.90 6.87
LEEREY) ether extract 5.93 5.71 5.78 5.66 5.77 5.87
MUK 4Y crude ash 8.46 8.28 8.12 8.23 8.34 8.20
M crude protein 29.82 30.12 30.31 30.03 30.02 30.11
ML 4E crude fiber 16.97 6.18 6.29 6.30 6.23 6.28
AL AL PERE digestible carbohydrate ° 31.86 42.75 42.58 42.83 42.74 42.67
MAE (MJ/kg) total energy 19.09 19.24 19.38 19.31 19.23 19.30

T HUR R T se AR AL LR 54 B (g/kg) M4k £ Z (IU or mg/kg): CuSO4-5H,0, 0.02 g; FeSO,-7H,0, 0.25 g; ZnSO,-7H,0, 0.22 g;
MnSO,-4H,0, 0.07 g; Na,SeO;, 0.0004 g; KI, 0.00026 g; CoCl,-6H,0, 0.001 g; 4% A, 90001U; 4% D, 20001U; 4i2E % E, 45 mg;
A& Ks, 2.20 mg; 4i4EE By, 3.20 mg; 4E4EFE By, 10.90 mg; MR, 28 mg; 4EE#E Bs, 20 mg; 4E4:F Be, 5 mg; 4E4E# By, 0.016 mg;
HEHER C, 50 mg; ZHR, 10 mg; MR, 1.65 mg.

° RV AP A i =100-(K 43--RLER 11+ Z B B -RUIR S5 +RLET 4.

Note: * Premix provide the folowing mineral (g/kg) and vitamin (IU or mg/kg): CuSO4-5H,0, 0.02 g; FeSO,-7H,0, 0.25 g; ZnSO, 7H,0, 0.22 g;
MnSO0,-4H,0, 0.07 g; Na,SeO;, 0.0004 g; KI, 0.00026 g; CoCl,-6H,0, 0.001 g; vitamin A, 9000IU; vitamin D, 20001U; vitamin E, 45 mg;
vitamin K3, 2.20 mg; vitamin By, 3.20 mg; vitamin B,, 10.90 mg; nicotinic acid 28 mg; vitamin Bs, 20 mg; vitamin Bs, 5 mg; vitamin By,
0.016 mg; vitamin C, 50 mg; acid regurgitation, 10 mg; folic acid, 1.65 mg.

" Digestible carbohydrate=100—(moisture+crude protein+ether extract+crude ash+crude fiber).
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RIS g R ERRE S BHER 3
(7:00, 12:00, 17:00), FEHEHI0 12 ., 525
[a], /KIRK(27.4£0.6) C, HMEKT 5.0 mg/L,
pH J 7.4~7.5,

FRIAT AR LLE, 150 24 ho B, DAVRTE
k1 100 mg/L (1) MS-222 JFRE 4 52 596 fa 351 7 R 15
Ao, REETHC 4 R NREIKCR I, M RES
BT IEH A R BEEE L, 3000 t/min B0
10 min (4 °C), #7510 E T-80 CHEM. MLAh,
W a5 o3 B AR, U T80 CHRFIN .
1.2 {ARTEFRE S R MR ELIEFRE

HRHE AOCO (Association of Official Analytical
Chemists)! Vit # 56 7 3 X450 5% 143 28 17
G, BT ()KL im b A AR S T
105 CrMtA Pt =, IR 8K &
i (2R IR E 2 (FOSS KT260, Hi+ )il &
Fem i B A B i, ARERH AR, 6.25 i
BEEE R, Q)R AREFAAE S A R S
BIA Bk, fHHAE65~70 CHRM N BRI 12 h,
FRECEL 5 AR IR D & i (AR T
W AE b Bt e fl, SRR 2 S
Prrh T 550 CTHIBE 6 hy, TR KA & i (S
A EAT R BBAL LS, SR FTHLET 2E 70 1 (L (ANKOM
A2000i, &) BEAT 20 BT (6) i AR 5 A
(PARR 1281, 32 [E)I 7 fa k1 S fE .

13 H i =B (triglyceride, TG) & K FH H i
AALBERE AT A2 o 1 2% 2 JH [ 5 (total cholesterol,
TC). =% & 5 & 1 iH [ ¥ (high-density lipoprotein
cholesterol, HDL) FIIK %% & f5 &5 H AH [& B5 (low-
density lipoprotein cholesterol, LDL) % & 34)2k HIH
I B A A R A T S . ELR D 2 T 1 5 B e
AR ) AR 5 T B A4 A iR G 5
1.3 ZHZ PCR o #7

AL W5 T 4120 RNA SE O H 2 PCR
GAHT, S RJERT SRR R R, AR RR T
ZHZH RNA (42 Hiti 7% ™ 4% 2 it Takara®Plus RNA
Purification (Invitrogen 575 12183-555)i57 & Ui
B 4533647, [E, fd ] Prime Script®RT reageat Kit
T spaat ) & 0T FR U 5 2R 1T cDNA Je % .
b5, M4 TaKaRa TB Green Premix Ex Taq'™ it

) &SRO H 3L R HEA 7986 B PCR kil
20 pL WK RG34 E cDNA FiBE 2 uL,
SYBR" Premix Ex Taq'™ II 10 uL, ROX Reference
Dye I1 0.6 uL, L5014 0.2 uL, TE514 0.2 uL
F1 ddH,0 7 puL.Hx )5, f# F ABI Quantstudio™ DX
ST E 7 PCR {Y(Life Technologies 2\ F))i#HE4T%¢
St A, W], SRSk @5 N 51 EFla ()7
G145 X77689.1)%F HI B (£ 2)i) C (HiEATH
—AL AR B, ] 2704 B AU R mRNA
AT ik i
14 HBESITSH

e SPSS 19.0 F{FiEAT HL P 2R Iy 240 bt
(one-way ANOVA), JfH Tukey [C HSD £ & 13
BN LA RN E R B EN, 2R B EKTER
P<0.05, A7 SE80 45 DT Y {H 45 #E R (X +SE)
IR, B ANELE,

2 HZRE5HMH

2.1 ZEBE AR E k85 M 32 A L ISR B

H % 3 ffi7R, HC 41 %% TG . TC .HDL #l LDL
T W E M P<0.05)m T C 4. mbis A, Kk
T e 4D 78 B 35 PR (P<0.05) 14 i 1 ¥ TG. TC
FHDL &, I Hi K{H7E HCB2 413115 .

22 FEEWMERIHLGFEREHEXERRIE
EpAL!

& 1 iR, HC 41iF PKB. PEPCK . FBPase
Hl G6Pase 3 ik W E KT C 41(P<0.05), {HIF
GK . PK il GS )Rk s a5 M . mbis 4
o, REERLG W E N T PKB. GK. PK f1 GS
R85 (P<0.05), Hi R{HI7E HCB2 43515 .
BUAN, BB A 40 T B & BRI T F FoxO 1.
GSK 3f. PEPCK. FBPase H G6Pase Wikt
(P<0.05), HCB2 4/ PEPCK #ih 5 /o
2.3 FEEWMERH LG FRERIEHEXERRIE
EpAL!

t & 2 iz, HC 40T SREBP 1. FAS Fll ACCa
PFRBEBEEST C 4H(P<0.05), {H PPARa.
CPT IA M ACO MRk H5ZH . mbEsdrh,
BB B AN T B E I T BT R R &
(P<0.05), H SREBP I. FAS. PPARa Fl CPT IA %
R A R(EAE HCB2 4 Ab3k45 .
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Tab.2 Primersused in thisexperiment
I iE CREFFI(53) 1 RIS (5-3") JPI) 5 B ik
gene forward sequence (5'-3") reverse sequence (5'-3") accession number
or reference
HE AW B PKB GCTGGGTAAAGGCACGTTTG CTCTCGGTGACCGTATGAGC [13]
OB F 1 FoxO 1 TACCCCGACCAGAAGCC GACAAGGTGAGCCGTTT [13]
BE I G Y 3p GSK 38 TTCCTTTGGGATCTGC GGCTCTGTAGTACCGTGA [13]
BETR IR TS R R R W PEPCK TGGCCCGTGTGGAGAGTAAAA ATGTGTTCTGCCAGCCAG [13]
Sbi-1,6- 8RR FBPase TACCCAGATGTCACAGAAT CACTCATACAACAGCCTCA KJ743995.1
HIEWE-6-U5 R G6Pase TGAGACCCGGTTTTATGGAG CATGCAGACCACCAGCTCTA [13]
WSS GK AAAATGCTGCCCACTTAT AATGCCCTTATCCAAATC KJ141202.1
HRRR ARG PK GCCGAGAAAGTCTTCATCGCACAG CGTCCAGAACCGCATTAGCCAC [13]
WA G GS CCTCCAGTAACAACTCACAACA CAGATAGATTGGTGGTTACGC [13]
BWER & LR FAS AGCGAGTACGGTGATGGT GGATGATGCCTGAGATGG KF918747.1
Lt NE a RALHE 0 ACCa TCTGCCCTCTATCTGTCT ATGCCAATCTCATTTCCT [14]
[ B e 455 1 SREBP 1 GCTGGCGTGTCGCTATCT TGTTGGCAGTCGTGGAGG [14]
i AP 3 SE LTS SZ K o PPARe GTGCCAATACTGTCGCTTTCAG CCGCCTTTAACCTCAGCTTCT HM140628
P B B L 2 RS il 1A CPT 14 TACTTCCAAAGCGGTGAG AGAGGTATTGTCCGAGCC [15]
TG a S AL 4CO GCTCAACCCTGGCATACT CTGGCTCAGCTTTACACG [16]
KA T 1o EF 1o CTTCTCAGGCTGACTGTGC CCGCTAGCATTACCCTCC X77689.1

Note: PKB, protein kinases B; FoxO 1, forkhead transcription factor 1; GSK 38, glucogen synthase kinase 3f3; PEPCK, phosphoenolpyruvate
carboxykinase; FBPase, fructose-1,6-biphosphatase; G6Pase, glucose-6-phosphatase; GK, glucokinase; PK, pyruvate kinase; GS, glycogen
synthase; FAS, fatty acid synthetase; ACCa, acetyl-CoA carboxylase a; SREBPI, sterol regulatory element-binding protein-1; PPARa, perox-
isome proliferator activated receptor a; CPT 1A, carnitine palmitoyl transferase IA; ACO, acyl-CoA oxidase; EF la, elongation factor la.

R 3 ARBEBEXT E K 4h & M 3R & IR REI R0

Tab. 3 Effects of benfotiamine on plasma biochemical indicators of juvenile Megalobrama amblycephala

n=4; x £SE
415
ID‘IIE! item E)JJ group
C HC HCBI HCB2 HCB3 HCB4
H i =g /(mmol/L) TG 1.47+0.01° 2.31+0.02° 2.12+0.04° 3.35+0.05° 3.31+0.05° 3.3340.14°
S IE [E #/(mmol/L) TC 4.38+0.07° 6.41+0.12¢ 7.31+0.04° 9.53+0.19* 9.41+0.41° 8.02+0.49°
%% 15 7E 1 /(mmol/L) HDL 1.42+0.10° 3.41+0.05° 3.59+0.21° 4.1240.30° 3.63+0.14° 3.46+0.24°
L2 IR 25 11 /(mmo .56=0. .98+0.03* .91+0.01° .11+0.06 .96+0.03" .85+0.03"
I %% B JIR # 11/(mmol/L) LDL 0.56+0.01° 0.98+0.03 0.91+0.01 1.11£0.06 0.96+0.03 0.85+0.03

W AT bR AN TR e 4H TR A7 A B 3 2% 5 (P<0.05).

Note: Values in each line with different superscripts are significantly different (P<0.05).

3 itig
3.1 ZFEBEFRAR X E K &5 5 A L 5 AR B2
IR LA P 32 4 8 5240 ot 5 A 0 1 2
A, B i i AR AR S bR AR AL T 7E— i R R
WEHLIAR P E TR AR Ol . RIS, =
TPk R T A Sk @5 1% TG, TC, HDL
LDL &4, %455 5 A g2 2 i s K 725 4k
FaFARS ) R, B E KA S W RS N

Ao 4 B /K, DT SRS oA A i o T i
AH R Hu 3G il 2% TG F1 TC &, BEfS, M
R TC KP4 it —2L 0% HDL F1 LDL &
B, VAMEREAC MR A2 TC & &, dEmigess
IEH AR S . HDL F1 LDL J24% TC M oA 4
UG 2 2 J 8] LA R AT AR g AR 1) o B A
PRUTIST e o, S e (14 b 6 S 2 PR R0 1 1,
K TG, TC Ml HDL &, %45 8 52|
(14 AR 7K -8 A Ak i Y, I e R
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Relative mRNA expressions of glucose metabolism-related genes in the liver of Megalobrama amblycephala

Means with different lowercase letters are significantly different (P<0.05).
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Fig. 2 Relative expressions of lipid metabolism-related genes in the liver of Megalobrama amblycephala
Means with different lowercase letters are significantly different (£<0.05).
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IR BL E 2>AE E fa AR B B i 5 1. X PTREJE
TR T 13 408 348 T P T st I AR P T 72 Sl
GG R, IR IR W e R O I AR,
HETT A TG A1 TC BYZEY& BAR M T ECREY, St
[, I3 A 2 5 TG Al TC KRR A A
ARG 5 AT 5, BRI 9 ik 22 ) 2 b
YA IR T, B SRR K, #E A B T
HasR AR PR PR . 3ok, HCB2 Mk M iE
H1 TG, TC . HDL il LDL & ¥/ FHALSI IR 4,
(LA K- B R i 2 S, e A ke
I BRI AR BB (1.425 mg/kg)2s i & 4
s 10 1A 8 BT A A
32 FHWMERXELGFEREHEXEERIE
spAl

I E RS B PR 75 BEALAAR A~ 2 SR P,
1 2 UE I E 9 i A i A n i AR b R HE
PERIPT R, 3005 0 28 T PPl A S5 AR 56 3L IR 1) 2
IR FE AT DA A5 S e fa AR A P 1 . A SR
W R IRDRL A BRI T GK . PK 1 GS
()3¢ikHt, {H PKB. PEPCK. FBPase Fll G6Pase 1)
TR R S ZA R, 10 R DR A B A T RE A
VAT Sk 677 JEF A e Aot OB D5 T R, (LA ) S A
VERIU, GRS R 1 25 — A BRI, AR A
it 4 o5 — 20 R U020, GS R IR i A T Y
X4 PEPCK . FBPase fil G6Pase 1] H4E
R R 1 B P R A Rk R,
TE e Wi 25 2 b, 2R 0 e i) 48 8 5 8 T
PKB. GK. PK fl GS Wj3kik#t, {H FoxO 1. GSK
3. PEPCK. FBPase Fll G6Pase )3kt 52
[ o XSS IR, IRBBI R TS I 2 1 25 1S DR A
1 Ve A Rk AT Sk 75 %) W I i RO i L e,
AR AR . SERTApE R R, Rk e
fE 38 1 B e 2 +ATP — £ 8 2 % I K (ThDP)+
AMP”JZ ¥, Hafin AMP/ATP H.Z, MIELE PKB
{553 e 2122 3 AT BEAE I L N T fa ik iT PKB
(2235 . PKB AT 238 i il GSK3 s 1k,
HOm GS Rk, HEMIAR 20 R IR 26 0 O
AR BeA, OE S B PKB 2l 1 R 1L
il FoxOl TG, F&MX PEPCK. FBPase Fl

G6Pase Z5 M55 557K, iﬁﬁﬁm%ﬂﬂ?*ﬁﬁﬁimﬁﬁ[mo
[FEF, PKB it ik il cAMP- N Job4s &
1 (CREB)-1 77 1% s & A 2 1 CREB 45
GEEAMIEE, #E—DTT ERESAEAOC KL R A 2R
PR, AT A A R R AR P HOB2 4 fa
KHF PKB. GK. PK I GS R k& BEm T H
Ml SE G2, 1 ARG A G Ik R 3R ik AR Ak
PG M, F£H 1.425 mg/kg BRI N GE
4 i ] W g Ak 1A Sk B P A A G D R
3.3 EHREWRRRXT H Sk & BT s K A X E E R ik
spA|

XTFHERR AT S, Sk G Wi e e 2%
PEENN T SREBPI . FAS il ACCo Wy FiktE, [H[%
{87 PPARa. CPTIA F1 ACO W FikE: . %45 R
W, M K A A ) DR R b 2 1 R 0 AR Y
B Wi & Beae 1, B Wi fER . i TRUT
W77 T (1) FAS #l ACCo S B8 B & B e rp
S BR O ), (2) CPT IA Ml ACO 528 k{1
NRITIR B B LB YA SERTprsE R, mH
Al 7K Ak 5 0 2 48 T ot 4% 76 25 40 R i 1) 20K
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Effects of benfotiamine on serum biochemical indicators and gly-
colipid metabolism of blunt snout bream Megalobrama amblycephala
fed high-carbohydrate diets

XU Chao', LIU Wenbin®, LI Yuanyou', XIE Dizhi', DING Zhirong', LI Xiangfei

1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China;
2. Key Laboratory of Aquatic Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Tech-
nology, Nanjing Agricultural University, Nanjing 210095, China

Abstract: As the most economical energy source, carbohydrates are now commonly incorporated into aquafeeds to
improve the physical quality of the feed and reduce the catabolism of proteins and lipids by aquatic animals. How-
ever, it is generally acknowledged that fish show a poorer capability in utilizing carbohydrates for energy purposes
than terrestrial animals. Furthermore, most species (especially carnivorous ones) often exhibit prolonged hyper-
glycemia after an intake of carbohydrate-enriched diets or a glucose load, which is similar to the symptoms of type
2 diabetes mellitus observed in mammals. Benfotiamine (pro-vitamin B,) is a lipid-soluble thiamine derivative
with better absorption and bioavailability than thiamine in humans. It is commonly used for the treatment of type
IT diabetes to improve glucose homeostasis through the enhancement of glycolysis and also to remove excessive
glycolytic metabolites and reduce hyperglycemic damage. Previously, our study demonstrated that the long-term
administration of benfotiamine at 1.425 mg/kg improved the growth performance and liver mitochondrial bio-
genesis and function of blunt snout bream (Megalobrama amblycephala) (a commercially important freshwater
fish in China) fed high-carbohydrate (HC) diets. In addition, 1.425 mg/kg benfotiamine also remarkably increased
liver glycogen and lipid contents, but decreased plasma glucose levels of this fish fed HC diets. However, the und-
erlying mechanisms are still poorly understood. Thus, a 12-week feeding trial was performed to evaluate the ef-
fects of benfotiamine on the serum biochemical indicators and glycolipid metabolism of M. amblycephala fed HC
diets. A total of 360 fish [average body weight: (45.25+0.34) g] were randomly distributed into 24 tanks and fed
six diets: the control diet (30% carbohydrate, C), the HC diet (43% carbohydrate), and the HC diet supplemented
with different benfotiamine levels [0.7125 mg/kg (HCB1), 1.425 mg/kg (HCB2), 2.85 mg/kg (HCB3), and 5.7
mg/kg (HCB4)]. High-carbohydrate levels markedly increased serum levels of triglycerides, total cholesterol,
high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol, as well as hepatic transcriptions of
glucokinase (GK), pyruvate kinase (PK), glycogen synthase (GS), sterol regulatory element-binding protein-1
(SREBPI), fatty acid synthetase (FAS), and acetyl-CoA carboxylase o, whereas the opposite was true for protein
kinases B (PKB), phosphoenolpyruvate carboxykinase, fructose-1,6-biphosphatase, glucose-6-phosphatase, per-
oxisome proliferator activated receptor a (PPARa), carnitine palmitoyl transferase 1A (CPT I4), and Acyl-CoA
oxidase transcriptions. As with benfotiamine supplementation, the HCB2 diet markedly increased serum lipid lev-
els, and hepatic transcriptions of genes PKB, GK, PK, GS, SREBP 1, FAS, PPARo and CPT IA, whereas the oppo-
site was true for FoxO1l, GSK 3f and gluconeogenesis-related gene expression. Overall, 1.425 mg/kg benfotiamine
supplementation remarkably improved serum lipid levels, hepatic PKB mRNA levels, glycolysis, glycogenesis,
lipogenesis, and fatty acid oxidation, but inhibited gluconeogenesis.
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